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1.Introduction
Nontradedgoodswasintroducedintothestandardmodelofinternational
tradeandsomeofthemajortradetheoremshavebeenexaminedbyKomiya
(1967),followedbyKemp(1969),Ethier(1972),Ray(1972),Batra(1973),Flam
(1979),Hazari,SgroandSuh(1981),KakimotoandYabuuchi(1986)andsoon.
Ontheotherhand,theimplicationofvariablereturnstoscale(VRS)forthe
theoryofinternationaltradehavebeenextensivelystudiedbyJones(1968),
Batra(1968),HerbergandKemp(1969),KempandNegishi(1970),Mayer
(1974),EatonandPanagariya(1979),Panagariya(1980,1981),ChoiandYu
(1984,1985)andsoon.However,noattempthasbeenmadetoascertainthe
roleandimpactofVRSonthetradetheoryinconjunctionwithnontraded
goodsexceptforrecentcontributionbyChoi(1987).Heexploredthewelfare
implicationsofachangeinthetermsoftradeandtherateoftariff,aswellas
therelativeeffectivenessofsometradepolicyinstrumentsinthethree-
commodity(twotradedandonenontraded)andtwo-factortrademodelallow-
ingthepresenceofVRS.
HerbergandKemp(1969)hasshownthatunderVRStheprice-output
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responsemaybeambiguous.Mayer(1974)hasshownthattheoutputofa
I
givencommodityrespondspositivelytoanincreaseinitsrelativepriceina
dynamicallystablesystem,andNeary(1978)hasshownthataperverseprice-
outputresponsecannotoccurifstabilityinfactormarketisassumed.These
analysesareconfinedtothemodelwithoutnontradedgoods.WhenChoi
(1987)discussedprice-outputresponse,hehasnotconsidereddynamicstabil-
ityfornontradedgoodcaseandjustconfinedhisanalysistothepositiveprice-
outputresponsecase.
Thefirstpurposeofthispaperistoinvestigatetheralationbetweenthe
price-outputresponseanddynamicstabilitywithnontradedgoodsunderVRS.
Itwillbeshownthateveninadynamicallystablesystemsomequalifications
arerequiredforthenormalprice-outputresponse.Thentheeffectsof(Hicks-
neutral)technicalprogressinthenontradedgoodsectoronoutputsarealso
discussed,andKomiya'sresultsontheeffectsoftechnicalprogressare
extendedtoallowforVRS.
2.Themodelandassumptions
Letusassumeaneconomyinwhichtherearethreeindustriesproducing
twotradeablegoods,X,(exportable)andXz(importable),andonenontraded
good,X3.Theeconomyisendowedwithprimaryfactors,labourLandcapital
K,theirreturnsbeingdenotedwandrrespectively.Inaddition,itisassumed
thatreturnstoscalearevariableandexternaltothefirm.Theproduction
functionsare
Xン=勘 ・(Xン・)F」(Lブ,1(ン;ち),ノ=1,2,3,(1)
whereg;describestheroleofoutput-generatedexternalityandisapositive
functiondefinedon(0,00),L/andκノarelabourandcapitalemployedinthe
jthindustry,respectively,andt;istheparameterindicatingitsstateof
technology.F'ishomogeneousofdegreeoneintheL;andK;andint;.
Undercompetition,wehave
伽 御+a。 、Y-1(2)
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α。,z"+a。、γ 一 ρ(3)
αL3z〃十 ακ3γ=4(4)
wherea;;istheamountoftheithfactorusedinthejthindustrytoproduce
oneunitoftheoutput,pandqaretherelativepricesoftheimportable
(second)andthenontraded(third)goods,respectively,intermsoftheexporta-
ble(first)good.Exogenouslygivenendowmentsimposeresourceconstraints
α乙1×1十aLZXz十ClL3×3=L(5)
aK,X,十aKZX2一 トarcaXs=、κ.(6)
Themodelwillbecompletedwiththedemandandsupplyequationforthe
nontradedgood
Z)3(ρ,(7,y)ニX3,(7)
where
Y=X.+pXz+qX3.fig)
Differentiating(2),(3)and(4),weget
θ乙1u)十θκiア=X1-(θ 乙1∠1、十 θκ,K且)(9)
θ乙au)+θκ2ア=Xi-(BL2∠ ⊃2十θκ2島)十 」5(10)
θ乙3複)+θκ3ア=X3-(θ 乙3Z二3+BK3K3)十4(11)
where``A"indicatesrelativechanges,e.9.,w=dw/wandθヴisthedistributive
shareoftheゴthfactorinthe/thindustry(ゴ=、L,1(;ノ=1,2,3),e.9.,θL2=wa乙2/
p・
Differentiating(1),weobtain
(1-e;)X;ニθ」u∠1ノ+θκノζ・十7㌧・∫ノ,(12)
wheree;(=F'g;)istheoutputelasticityofreturnstoscaleofthejthindustry
andT;=(t;/F')(aF'/at;).Substituting(12)into(9),(10)and(11),wehave
BL,u)+θκ1ア=e,X,+T且 ム(13)
θム2涙)十θκ2Y=e2Xz+TZ『2+」 う(14)
BL3u)+θκ3ア=Q3×3+T3『3+9.(15)
Letusdefinetheelasticityoffactorsubstitutionas
σノ=(K;-L;)/(u)-Y)=(δ κノー aw)/(u)-Y).(16)
(12)and(16)yield
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、乙ノ=(1-e;)♪(}-7}∫ノー θκノ6;・(iu一ア)(17)
K;=(1‐e;)X;‐T;t';十9wa';(w‐r).(18)
Differentiating(5)and(6),weobtain
λ乙1L1十λム2」L2十ノIL3L3=L(19)
λ。K,+λ κ、KZ+λ。3113ニκ,(20)
whereんistheallocativeshareoftheithfactorinthe/thindustry(i二五,K;
ノ=1,2,3),e.g.,λn=ム/L.Substituting(17)and(18)into(19)and(20),weget:
ハ ハ ハ ハ ヨ
/1LIX亘+ノ1L2×2+/1LSXs=、乙+Σ ん7}・r,+δL⑫一 の(21)
ノ=1
ハ ハ 　 ハ ヨ
ノ1κ1×1+ノ1KZX2+ノ1K3×3=K+Σ λ幻・7}・r」一 δκ(w-Y)(22)
ノ=1
ヨ 　
where/1幻二(1-eノ)ん,ノ1Kj=(1-e;)λ幻・,δFΣ ん θκメ巧・andδ κ=Σ λ幻・θL,(巧・・
ノ=1ノ=1
Differentiating(7)and(8),wederive
aX、X、+pe、XzX2+QX3(es-1/〃z,)X3+(92S33/ms)9
=一(p4/〃z3)(S32十〃23×2/9)ρ一(X且7㍉ 『且十pXZTZ『2十QX3T3『3),(23)
whereSasisthecompensated(puresubstitution)changeofdemandforthe
nontradedgoodwithrespecttoitsownpriceandSs2istheuncompensated
changeofdemandforthenontradedgoodwithrespecttothepriceofimporta-
blegood.
(13),(14),(15),(21),(22)and(23)constitutethederivedformofourmodel
whichallowforthepresenceofVRSaswellasnontradedgood.Byeliminat-
ingwandrfromoursystem,wehavethefollowingreducedform
凸3121
θ且2
(ル1一繍)
(`1K1+繍)
e,X,
θ且3ez
e,2
(^L・+儲)
(nxz-Sxez1B　zJ
pezX2
‐es
ノ1L3
11K3
1
0
0
9鵡(e・-1m,)QZS33YYI3
X,
XZ
X3
?
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辮rl-1θ 多12匹r・+㍑・
3
Σ ん ゴT;・ち+δL(7㍉∫一7至r2)/1θ121
'=1
ヨ
Σ λκノ7)・rノーδκ(T,r一7>∫2)/1θ茎21
」=1
ヨ
Σ λκノT;・ち 一 δκ(T置r一7>r2)/1θ121
j=1
-Xl7㍉ 『1-pXZTZ『2-QX313『3
813
e12
VL-丁扇
+声
衛
一p‐
nq(Ssz+mqZI
where
θLゴBKi
iθ司=,(Z,ノ=1,2,3).θ
ω θκノ
3.Stabilityandprice-outputresponse
(24)canbesolvedtoobtaintheprice-outputresponseas
夢 一 吉[國 ・・1m3)一2S33e3YYI3}島
+p4
ms(S32+msXz9)1λ3!(1-e・)
+2S33B13'131m
3e12-e3L‐e　{pgms(S32+msX24)畠
XIB3+Q2S33B311
Bl2ms812'
where
d-{QX3(e・-1
m,)一Z°3323m3}(1ん2トe,Bz+ezB,B,z)
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(25)
?
?
七+e　(x1一ZS331V231
milBl21)(n23+ezB3Biz)
-e・(ρ脇+2S33B13
m3B12)(`113一儲),
B;=δ μ妬+δ 。ノ1σ(ノ ニ1,2,3),
and
/1μ ノ1幻・
1/L」1=(2,ノ=1,2,3).
`1Xi/1κノ
ThesignofXZ/声isnotcertainbecauseoftheambiguityofboththedetermi・
nant'svalueofthecoefficientmatrixdandthebracketedterm.First,letus
discussthedeterminant'svaluewhichiscloselyrelatedtothe(local)dynamic
stabilityofthesystem.
Accordingtotheassumptionoffixedfactorendowments,constanttradea-
blegoodprices,theexistenceofanontradedgoodandperfectcompetition,the
dynamicadjustmentmechanismofthesystemshouldbespecfiedas
followed:"
X,=d,(1‐aL,w‐aK,r)(26)
Xz=dz(p一 αL2賀ノー aK2r)(27)
X3=d3(q-acsw一 α。,γ)(28)
w=d4(ごZLIX且十 ごZL2脇十ar.s.X3-L)(29)
r=d5(aK且Xl十aKZXz十aK3v3一 κ)(30)
where"・"denotesdifferentiationwithrespecttotimeandd;isthepositive
coefficientmeasuringthespeedofadjustment.Inthefactormarket,weare
facingaWalrasianadjustmentmechanismwiththefixedendowmentassump-
tionimplyingthatreturnswillhavetoadjust.Amarshallianadjustment
processisassumedwithquantitiesadjustingasthedemandprice(i.e.,the
(exogenouslygiven)tradedgoodpriceandthenontradedgoodprice)differs
?ー
WeassumethatthereexistssomeclassofVRSproductionfunctionsunder
whichthesystemwillbestable,atleastforsomesetofadjustmentspeed.For
thedetailsofthisproblem,seeMayer(1974).
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fromthesupplyprice(i.e.,theaveragecostofproducingagivencommodity)
inthetradedandnontradedgoodmarkets.
TheJacobianmatrixofthesystemofsimultaneousequations(26)to(30)
1S.
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whereA」=(1一の 砺.Notethat
d,d2d3d4d51ノト
ーS33
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O
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Therefore,wecanshowthat
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(32)
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七
七1/1=一α1ρ1=α1θ121∠1,
wherea=d,dzd3dadspLKm3/wrgX,XzX3(-S33)>Oand
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(33)
AccordingtotheRouth-Hurwicztheoremanecessaryconditionforlocal
stabilityofthesystemisl/lisnegative.Soweassumethatourequilibrium
isstablewhichimpliesthatげ1isnegative,therefore,e,21a<ofrom(33).
Letusreturntotheprice-outputresponse.(25)canberewrittenas
Xz -1θ
lll』[p4(1-es)m、λ3θ12(S32+msXz9)
+4Z(1-e・)1λ311θ131∫33ms
QX3
m3{(Qsse・+1)B,+e,B・(n32+Q33+η・)],(34)
whereq(33ニ(4/D3)(∂∠)3/∂9),Q32=(p/∠)3)(∂D3/∂p)andη3ニ(Y/∠)3)(∂∠ 3/∂Y).
(34)showsthattheprice-outputresponseisnotgenerallynormalevenina
stablesystem.NotethatthepresenceofVRSintheimportablegoodsector
itselfdoesnotaffecttheresultqualitatively.Wecanmentionthefollowing
setofsufficientconditions
(i)Ss2>0(or(S32+msXz/q)<0,respectively),
(ii)「8,21λ31<0(>0),and
(iiD(Q3323十1)B,十e,B3((232十Q33十η )>0(<0).
Thatis,theprice-outputresponsewillbenormalif(i)theimportablegoodis
asubstitute(orasufficientlyclosecomplement,respectively)forthenontrad-
edgood,(ii)thefactorintensitiesofthesetwogoodsectorsbound(orexceed
orfallshortof)thatoftheexportablegoodsector,and(iii)thecertaincondition
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betweenthedemandforthenontradedgoodandVRSissatisfied.Theformer
twoconditionsarefamiliarinthestandardmodelwithnontradedgoodand
theLastoneisinherenttothepresenceofVRSwhichisnoteasytointerpret
unfortunately.Inthespecialcaseswheree,=Oande3=0,condition(iii)is
reducedtoes≧-1/Q33and-Bl≧e,ba(Q32十Q33+η3),respectively,where∂3=
δ乙λκ3+δκλ乙3.
4.Technicalprogressandoutputresponse
Thewelfareimplicationsofgrowth(arisingfromfactoraccumlationor
technicalprogress)foranopeneconomyinthepresenceofVRShasbeen
discussedbyChoiandYu(1985).Theyalsoanalysedtheimplicationsofthree
typesoftechnicalprogressonoutputsinaVRSframeworkinChoiandYu
(1987).So,inthissection,usingthemodeldeployedintheprevioussections,
weextendtheresultsontechnicalprogressunderVRSbyanalysingtheoutput
responsesduetotechnicalprogressinthenontradedgoodsector.
Wecanuse(24)togetthefollowingoutputresponseduetotheHicks-
neutraltechnicalprogressinthenontradedgoodsector
議 一瀦7[{QX3(e3‐1m、)一ZS3323m3}(1讐2L・1δ・)
+@9蕩33)(1酬 θ・21-e　B・)]
一 一 轟(Q33+1)(レ1131θ121-e,B3
msθ12∠1(1-es))・(35)
Therefore,theeffectofthetechnicalprogressinthenontradedgoodsectoron
theoutputoftheimportablegoodaresummarizedas
1/1.311θ且21-aB3>0 1/11311θ121-e,Bs〈0
‐Q33>1(elastic) 一 十
‐Qss<1(inelastic) 十 一
Table1.ThesignofXZ/『3
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Komiya(1967,pp.142-143)demonstratedthatthedomesticoutputofthe
importableincreasesifthedemandforthenontradedgoodisprice-elastic
(price-inelastic,respectively)andtheimportableandnontradedgoodshave
opposite(similar)factorintensitiesrelativetotheexportablegood.Ourresult
extendsKomiya'spropositionbyallowingforVRSincludingconstantreturns
toscale(CRS)asaspecialcase.ItisinterestingthatthepresenceofVRSin
theimportableandnontradedgoodsectorsthemselvesdoesnotaffectthe
resultqulitatively.ThelatterpartoftheconditioninKomiya'sproposition
mustbemodifiedduetothepresenceofVRSintheexportablegoodsector .
Supposethatthedemandforthenontradedgoodisprice-elastic,i.e.,‐Qss>
1.(1)IfCRSprevailsintheexportablegoodsector(i.e.,e,=0),theoutputof
theimportableincreasesiftheimportableandnontradedgoodshaveopposite
factorintensitiesrelativetotheexportablegoos(i.e.,1/L311θ121〈0).(2)If
increasingreturnstoscale(IRS)prevail(i.e.,e,>0),thepossibilityofincreas-
ingtheoutputoftheimportableincreasessoastoincludethecasewhereboth
goodshavesimilarfactorintensitiesrelativetotheexportablegood(thearea
shadedbyhorizontallinesinFigure1).Itisobviousthatthelargerthedegree
ofIRS,thelargertheparadoxicalpossibility.(3)Ifdecreasingreturnstoscale
(DRS)prevail(i.e.,e.<0),itbecomespossiblethattheoutputoftheimportable
decreasesevenifbothgoodshaveoppositefactorintensitiesrelativetothe
exportablegood(theareashadedbydotsinFigure1).Sofarwehave
discussedthechangeintheoutputoftheimportable.Asimilarargumentcan
beprovidedforthechangeintheoutputoftheexportable.
Finally,letusinvestigatetheeffectoftechnicalprogressinthenontraded
goodsectoronitsownoutput.From(24)wehave
議 一 一1参、rβ+(A1-e,)A,(36)
where
A=(9×3一 σ2533/m3){1/1.Zllθ121-(e,BZ+e2B,)}
+(pXz十C]ZS33θ131/maθ題21)(1/11311θ亘21-e,B3)ez/(1-es)
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Figure1.
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一(X且 一QZS33θ231/mse
　2)(1/12311θ且21十ezBs)e,/(1-2s)
and
B=qX3(Q33+1){1/11211θ121-(e且Bz+e2B,)}/m3.
ThechangeintheoutputofthenontradedgooddependsonthesignofA.
However,itisnoteasytoderivesufficientconditionsfromA.Notingthatwe
canrewritethedenominatorasshowninthelatterpartof(36),itbecomes
clearfromstabilitydiscussedintheprevioussectionthatAispositiveifBis
negativesince-e　zla>0.Therefore,wecansaythattechnicalprogressin
thenontradedgoodsectorincreasesitsownoutput(1)ifbothofthetraded
goodsectorshaveeitherDRSorCRSthedemandforthenontradedgoodis
price-elasticor(2)ifatleastoneofthetradeablegoodsectorshasstrongIRs
enoughsuchthatI/11211θ阻21〈(e,Bz+ezB且)andthedemandforthenontraded
goodisprice-inelastic.
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